Sarcoidosis is a disease characterized by granulomatous inflammation potentially affecting multiple organ systems.
Introduction
Sarcoidosis is a multisystem disorder of unknown cause that primarily affects the lung and lymphatic system of the body [1] . It has been termed as ''the great pretender'' due to the ability to mimic other diseases [2] . The granulomatous inflammation of sarcoidosis can involve any organ of the body and sometimes extrapulmonary sarcoidosis may be the major manifestation of the disease that can dictate the treatment and prognosis [3] .
Extrapulmonary sarcoidosis is common, with variable prevalence among populations and it is almost always found with concomitant thoracic involvement [3] . However, isolated extrathoracic sarcoidosis is not so frequent [3] . In this article we present seven cases of sarcoidosis with major renal involvement and proceed to a literature review.
Case Series

Case 1
A 52-year-old white male, non-smoker, presented with malaise and weight loss of 4 kg over the last 4 months. Past medical history included uveitis 6 years ago. Physical examination was remarkable for generalised lymphadenopathy and splenomegaly. Laboratory tests revealed anaemia, acute kidney injury [serum creatinine (sCr) at 3.6 mg/dl from a baseline of 0.9 mg/dl], hypercalcaemia, low parathormone (iPTH), hyper-gamma-globulinaemia, elevated erythrocyte sedimentation rate (ESR) and serum angiotensin-converting enzyme (sACE) ( Table 1 ). The urine sediment showed few granular and epithelial casts (2-3 per high power field). Further immunology testing was normal. Kidney ultrasound showed slightly increased echogenicity of the cortices. Pulmonary function tests were normal. Computed tomography (CT) of the abdomen and chest revealed splenomegaly (14.5 cm), enlarged lymph nodes in the retroperitoneum and mediastinum as well as diffuse nodules in the lung parenchyma. Kidney biopsy ( Figure 1 ) showed sparse and dense inflammatory infiltration with small nodular formations comprised mostly of lymphocytes ( Figure 1A ) and macrophages ( Figure 1B ) as well as calcinosis of tubular membranes and lumens. An inguinal lymph node biopsy revealed non-necrotizing granulomatous lymphadenitis. Bronchoscopy did not show any endobrochial lesion. Broncho-alveolar lavage (BAL) had a low percentage of lymphocytes (10%) and CD4+/CD8+ ratio (0.9). Cytology and cultures were negative. Pulmonary function tests and ophthalmologic examination were normal. A diagnosis of sarcoidosis with renal involvement was established. The patient was managed with prednisolone 1mg/kg/day with gradual tapering leading to improvement in renal function, serum and urine calcium levels (suppl Table 2 ). 
Case 3
A 60-year-old white male presented with hypercalcemia and acute kidney injury along with malaise and fatigue over the past 10 months. He had a past medical history of chronic kidney disease (baseline serum creatinine of 4 mg/dl), hypertension, gouty arthritis, hypothyroidism and symmetric sensorineural hearing loss. He also presented a new onset macular rash in the trunk (Figure 4 ). Blood tests revealed anaemia, worsening kidney function (sCr=5.1 mg/dl), hypercalcaemia (ionized calcium 7.1 g/dl), hypercalciuria, increased serum sACE and ESR (Table 1) . Serum immunology was negative. The urine sediment showed numerous calcium oxalate crystals, WBC and casts. The renal ultrasound revealed bilateral nephrocalcinosis along with thinning and hyperechogenicity of the renal cortex.
Computed tomography showed several calcified lymph nodes in the thorax and abdomen, micronodular lesions of lung parenchyma as well as splenomegaly and nephrolithiasis. A bronchoscopy excluded malignancy or infections but the primary diagnosis was still missing (BAL was equivocal with 7% lymphocytes and CD4 + /CD8 + ratio 4.2).
Kidney biopsy showed nephrocalcinosis with calcium phosphate deposits in the tubular lumens and interstitium, rupture of tubular basement membranes and chronic interstitial nephritis ( Figure 5 , suppl Table 1 ). Considering the above clinical picture, the patient was diagnosed with sarcoidosis affecting the lungs, kidneys and skin. He was managed with intensive hydration for hypercalcemia and long-term steroid treatment resulting in significant improvement (suppl Table 2 ). Figure 6 , suppl Table 1 ). Ziehl-Nielsen histochemical stain of the kidney tissue was negative. The above findings were indicative of renal sarcoidosis. The patient was treated with steroids and several anti-hypertensive drugs. Over the following months his renal function improved while iPTH and calcium levels normalized (suppl Table 2 ). 
Case 5
A 80-year-old white female with a 3 years history of lung sarcoidosis on steroid therapy, bronchodilators and long term oxygen therapy was referred to the Nephrology department due to acute pedal edema combined with purpuric rash, symmetric polyarthritis and heavy proteinuria (7.5 gr/24hr), following a lower respiratory tract infection.
Before admission, she already had a pulse of steroids resulting in significant improvement of polyarthritis and purpuric rash. Blood tests were significant for leucocytosis, anaemia and hypoalbuminaemia (2.7 mg/dl).
Immunological tests and serum creatinine were normal. Urine sediment showed plenty of dysmorphic erythrocytes and red blood cell (RBC) casts. A repeat 24-hour urine protein was already reduced to 3.8 gr (Table 1) . A kidney biopsy was consistent with IgA nephropathy with diffuse mesangial and intracapillary hypercellularity as well as two foci of necrosis associated with cellular crescents (suppl Table 1 ).
Considering the above findings the diagnosis of IgA vasculitis (Henoch-Schönlein purpura) associated with sarcoidosis, was made. An angiotensin converting enzyme inhibitor and diuretics were added, whereas steroid treatment with appropriate tapering was continued. Four months later, proteinuria regressed (urinary protein/creatinine ratio of 0.5 g/g) and serum creatinine stabilized (suppl Table 2 ). 
Case 6
Case 7
A 65-year-old white male, never smoker, presented with malaise and weight loss of 15 kgr over the previous year. capacity. Chest and abdomen CT showed generalised lymphadenopathy and micronodular lesions for which he underwent bronchoscopy and lymph node biopsy. Bronchoscopy was unremarkable and BAL showed lymphocytosis of 39% with a CD4 + /CD8 + ratio of 37. BAL cultures and cytology were negative. Transbronchial needle aspiration of mediastinal lymph nodes showed non-necrotizing granulomatous inflammation consistent with sarcoidosis. The patient refused to undergo a kidney biopsy. He was initially managed with intravenous fluids for hypercalcemia and a course of corticosteroids with marked improvement of kidney function (suppl Table 2 ).
Discussion
Sarcoidosis is a multisystem granulomatous disease of unknown cause which can involve any organ [4] [5] [6] [7] . The diagnosis of sarcoidosis is established when clinico-radiological findings are supported by histological evidence of noncaseating epithelioid cell granulomas [1] . Although lung is the most commonly affected organ, extrapulmonary sarcoidosis is common and is usually detected with concomitant lung involvement [3] . A recent study showed that non-pulmonary sarcoidosis is more common in white patients and women with the skin being the most commonly affected organ [8] .
Renal involvement in sarcoidosis varies greatly among different studies from less than 1% [9] to 48% [10] . Various renal manifestations of sarcoidosis have been described [11] , including nephrocalcinosis (5%), nephrolithiasis (4%), interstitial nephritis with or without granulomas (20%), and rarely glomerulopathies and obstructive uropathy [12] .
Hypercalcemia (10-20%) and hypercalciuria (50%) are sometimes considered separate entities from renal sarcoidosis but comprise the most important cause of (reversible) renal dysfunction.
A retrospective review in 47 patients with biopsy proven interstitial nephritis due to sarcoidosis, showed that 46 presented with impaired renal function (stage 4-5 CKD), 37 had noncaseating granulomas while 10 had only interstitial nephritis without granulomas [13] . Another study of 27 patients, however, showed that nongranulomatous tubulointerstitial nephritis was the most common histological entity (44%), followed by granulomatous interstitial nephritis (30%), IgA-glomerulonephritis (26%) and nephrocalcinosis (11%). As far as glomerular involvement is concerned the pathophysiological link with sarcoidosis still remains to be identified, being more often associated with IgA nephropathy and membranous nephropathy. Granulomatous interstitial nephritis was associated with more severe renal impairment at baseline [14] .
The diagnosis of renal sarcoidosis is made by exclusion of other possible renal diseases and, whenever possible, with a renal biopsy to obtain histopathologic confirmation. However we should bear in mind that renal sarcoidosis can be focal in nature and characteristic lesions can be missed in a small-needle core biopsy. The absence of kidney biopsy findings characteristic of sarcoidosis does not exclude the possibility of kidney involvement [15] .
In our series common findings included fatigue, weight loss, anaemia, hypercalcaemia, hypercalciuria and kidney injury that regressed after appropriate treatment. It is well known that interstitial nephritis is associated with more severe anaemia as compared to other kidney pathologies. Hypercalcaemia was also common with the exception of Treatment is always required for renal manifestations of sarcoidosis given the risk of progressive kidney dysfunction. In isolated hypercalciuria, treatment may involve reduction of calcium intake, increased fluid intake and avoidance of sun. Corticosteroids are the cornerstone of therapy even if there is no standardized protocol for dose or duration of treatment. A treatment regime starting with prednisone 0.5-1 mg/kg followed by gradual tapering to 5 mg/day for months 6-12, has exhibited good results in improving renal function. Usually there is improvement in renal function with treatment, although complete normalization of creatinine may not occur. Second-line treatments include azathioprine, mycophenolate mofetil, infliximab whereas experimental therapies (thalidomide, hydroxychloroquine, rituximab, pentoxifylline) have also been proposed [16] . There are four major prognostic factors with influence on renal outcome: serum creatinine levels at the time of diagnosis, the histological type of renal sarcoidosis, the degree of tubulo-interstitial fibrosis and the response to treatment after 1 month [13, 17] .
Conclusion
It should be emphasized that renal disease may be the initial clinical manifestation of sarcoidosis. Clinicians should pay attention to the protean nature of kidney involvement because the management of the disease may be modified.
The early implication of the nephrologist and the timing of renal biopsy are crucial in order to prevent irreversible damage.
